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© A high torque universal joint has a crass (10) formed by 
two mutually perpendicular pairs of coaxial trunnions (11), 
each pair of trunnions being rotatably received in bearings (26) 
which in turn are coaxially retained in blind bores (24) In the 
bearing caps (22) of one of two yokes (12, 12'). The yokes are 
subdivided into mating half sections (12a, 12b) which each in- 
clude one of the bearing caps. The mating half sections are 
separably interconnected (48, 50) and are provided with juxta- 
posed confronting surfaces (38) lying on opposite sides of first 
yoke reference planes extending through the universal joint 
center (X). The mating half sections have end surfaces (52) 
which are adapted to abut the flanged ends (18) of rotatable 
elements (20) at second yoke reference planes. The first and 
second reference planes of each yoke are mutually perpendi- 
cular, and first and second key members (44. 54) are located 
respectively at the first and second reference planes. The res- 
training forces acting at the first and second yoke reference 
planes coact during service of the joint to prevent relative 
movement between the mating yoke half sections. 
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BACKGROUND OF THE INVENTION 

1 • Field of the Invention 

This invention relates to an improvement in 
the design of Hooke's or Cardan type universal joints of 
the type employed in high torque applications such as those 
typically encountered in rolling mills. As herein employed, 
the term "high torque" means torques on the order of 1 to 5 
million foot pounds and higher. 

2 . Description of the Prior Art 

In the conventional Hooke's or Cardan type 
universal joint of the type mentioned above, the trunnions 
of a cross are rotatably supported by bearings retained in the 
bearing caps of a complimentary pair of yokes. The yokes are 
in turn connected to rotatable driving or driven elements. 
Typically, in a horizontal rolling mill, one yoke is attached 
to one end of a spindle, and the other yoke is attached either 
to the output shaft of a drive motor, or to one of the work 
rolls . 

In many cases, the yokes are cast as unitary 
pieces, and through bores are provided in the bearing caps. 
The unitary yokes are first assembled onto the trunnions, and 
then the bearings are inserted through the through bores. 
Finally, the through bores are closed by removable side 
covers. It has been found, however, that for high torque 
applications of the type herein under consideration, the 
structural stiffness of the bearing caps is often unacceptably 
compromised by the through bores. 

In an attempt at overcoming this difficulty, 
the conventional through bores in the bearing caps have been 
eliminated in favor of blind bores. By employing blind 
bores, the structural stiffness of the bearing caps is sig- 
nificantly increased as compared with the prior through 
bore designs. However, in order to permit yokes with blind 
bores .to be assembled onto the trunnions of the cross, the 
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yokes must be split into separate mating half sections, each 
including one of the bearing caps. Unfortunately, the 
splitting of the yokes has created other problems caused by 
the tendency of the half sections to shift in relation to each 
other while the joint is in service. This relative movement 
subjects the bearing assemblies to unbalanced loading, causing 
accelerated wear. Relative movement between the mating half 
sections can also loosen the bolts or studs used to connect 
the yokes to the flanged ends of the driving or driven 
elements, thus causing failure of the joints. 
SUMMARY OF THE PRESENT INVENTION 

A primary objective of the present invention is to 
provide an improved means of reliably maintaining bearing 
alignment between the separate mating half sections while the 
universal joint is in service. A companion objective of the 
present invention is to prevent loosening of the bolts or 
studs used to connect the yokes to the flanged ends of the 
driving and driven elements. 

In accordance with the present invention, the mating 
half sections of each yoke are separably interconnected, and 
are provided with juxtaposed confronting surfaces lying on 
opposite sides of a first yoke reference plane passing through 
the center of the joint. The mating half sections of each 
yoke abut the flanged ends of the associated driving or driven 
elements at second yoke reference planes which are perpen- 
dicular to the respective first yoke reference planes. First 
and second key members are located respectively at the first 
and second yoke reference planes. 

In a preferred embodiment to be hereinafter de- 
scribed in more detail, the juxtaposed confronting surfaces at 
the first yoke reference plane are essentially flat and 
parallel and are provided with confronting centrally located 
keyways. The first key members are received in the confront- 
ing keyways, and have load carrying side surfaces which are 
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tightly fitted between and which cooperate with adjacent side 
surfaces of the confronting keyways. The second key members 
at the second yoke reference planes are preferably although 
not necessarily formed integrally with and protrude rear- 
wardly from' the mating half sections into recesses in the 
flanged ends of the associated driving or driven element. 
The restraining forces acting at the first and second yoke 
reference planes coact during service of the joint to prevent 
relative movement between the mating yoke half sections, 
thereby maintaining critical bearing alignment while at the 
same time preventing loosening of the bolts or studs used to 
detachably connect the yokes to the driving or driven 
elements , 

The means for separably interconnecting the mating 
yoke half sections preferably includes one or more tie bolts 
or other like connecting elements extending through the mat- 
ing half sections in directions perpendicular to the respec- 
tive first yoke reference planes. 

The juxtaposed surfaces of the mating yoke half 
sections may additionally include confronting channels on 
opposite sides of the centrally located keyways. "Spacer 
blocks are received in the confronting channels. The spacer 
blocks have oppositely facing surfaces which cooperate with 
the bottoms of the channels to laterally locate the mating 
yoke half sections with respect to each other on opposite 
sides of the respective first yoke reference planes. 

The invention will now be described in greater 
detail with reference to the accompanying drawings , wherein: 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view with portions broken away 
of a high torque rolling mill universal joint in accordance 
with the present invention; 

Figure 2 is a perspective partially exploded view 
of the universal joint shown in Figure 1 ; 

Figure 3 is a sectional view taken along line 3-3 
of Figure 1; 

Figure 4 is a sectional view taken along line 4-4 
of Figure 3; and 
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Figure 5 is an enlarged partial sectional view of 
one of the bearing caps with a trunnion and bearing 
assembly received therein. 

DETAILED DESCRIPTION OF ILLP STRATED EMBODIMENT 

Referring now to the drawings, a preferred 
embodiment of a high torque universal joint in accordance 
with the present invention is shown including a cross 10 
formed by two mutually perpendicular pairs of coaxial 
trunnions 11, with a pair of yokes 12,12' mounted thereon. 
The yokes have rearwardly protruding threaded studs 
indicated typically at 14 which cooperate with nuts 16 to 
attach the yokes to flanges 18 on rotatable elements 20. 
As previously indicated, in rolling mill applications, the 
rotatable elements will typically comprise spindles, work 
rolls, drive motor output shafts, etc. The yokes 12,12* 
are respectively subdivided into mating half sections 
12a, 12a and 12b, 12b. Each half section includes a base 
portion with an integral forwardly protruding bearing cap 
22 having an inwardly opening blind bore 24. Bearing 
assemblies 26 are contained in the blind bores 24. The 
mating half sections of each yoke 12,12' are adapted for 
assembly onto a respective pair of the trunnions 11 , with 
each trunnion being journalled for rotation in a respective 
one of the bearing assemblies 26. 

As can be best seen in Figure 5 , each bearing 
assembly 26 preferably includes an inner race 28, an outer 
race 30, with one or more sets of rollers 32, 34 interposed 
therebetween. A non-metallic thrust washer 36 is inter- 
posed between the end of each trunnion 1 1 and the bottom of 
each blind bore 24. 

The thus assembled mating half sections 12a, 12a 
and 12b, 12b have juxtaposed confronting surfaces 38. With 
reference in particular to Figure 3, it will be seen that 
the juxtaposed surfaces 3 8 of mating half sections 12b, 12b 
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lie on opposite sides of a first yoke reference plane 
P b f whereas the juxtaposed confronting surfaces 38 of 
mating half sections 12a ,12a lie on opposite sides of 
another first yoke reference plane P a which is perpen- 
dicular to plane P b . Both first yoke reference planes 
p a , p fe pass through the universal joint center "x". 

The juxtaposed surfaces 38 are machined to 
provide confronting centrally located keyways 40. Ad- 
ditional confronting channels 42 are located on opposite 
sides of the keyways 40. First keys 44 extend across the 
first reference planes P a , Pfc> and are received in the 
confronting keyways 40. Spacer blocks 46 also lie on the 
reference planes P a , P^ and are received in the 
confronting channels 42. 

The first keys 4 4 have side surfaces which are 
tightly fitted between and which cooperate with the ad- 
jacent side surfaces of their respective keyways 40 to 
oppose movement of the mating half sections 12a ,12a and 
12b, 12b relative to each other in directions parallel to 
their respective first yoke reference planes P a , P b . 

After being assembled onto the trunnions, the 
mating yoke half sections 12a, 12a and 12b, 12b are prefer- 
ably separably interconnected by connecting means com- 
prising tie rods 48 extending therethrough and, in the 
embodiment herein disclosed, through the first keys 44 in 
directions perpendicular to the respective first yoke 
reference planes P 3 fPb* In other words, the tie rod 
interconnecting the mating half sections 12a ,12a of yoke 
12 is perpendicular to first yoke reference plane Pa, and 
the tie rod interconnecting the mating half sections 
12b ,12b of yoke 12' is perpendicular to reference plane 
P b . Nuts 5 0 are threaded onto the ends of the tie rods 
to complete the assembly of each yoke. 

While only one tie rod is shown connecting each 
pair of half sections, it will be understood that multiple 
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tie rods may be employed, and that the single or multiple 
tie rods need not necessarily extend through the keys 44. 

The spacer blocks 46 have oppositely facing 
surfaces which cooperate with the bottoms of the channels 
42 to laterally locate the mating half sections with 
respect to each other on opposite sides of their respec- 
tive first yoke reference planes P a , P^. The spacer 
blocks insure that the bottoms of the blind bores 24 are 
located concentrically with respect to the joint center x. 
The thrust washers 36 provide bearing surfaces for the 
oscillation movement of the cross and cooperate with the 
bottoms of the blind bores in locating the cross concen- 
trically with the joint center x. 

It will be understood that the spacer blocks 46 
are particularly useful when the mating half sections 
12a ,12a and 12b, 12b have been formed by cutting a unitary 
casting into two pieces. However, where the half sections 
are separately cast, the spacer blocks may be omitted. 
Also, the keys 44 need not be centrally located, and in 
some cases , for example when the half sections are 
separately cast, it may be desirable to substitute a 
male/female interengagement in place of the removable keys 
44. 

The thus assembled and interconnected mating 
yoke half sections 12a, 12a and 12b, 12b are removably 
mounted on the end flanges 18 of the rotatable elements 20 
by a mounting means comprising the previously described 
studs 14 and nuts 16. When thus mounted, the end surfaces 
5 2 of the yoke half sections abut the flanges 18 of the 
rotatable elements at second yoke reference planes 
P C ,P(3. The reference planes P a ,E> c of yoke 12 are 
mutually perpendicular, as are the reference planes 
P b ,P<3 of yoke 12' . 

In the embodiment herein disclosed, second keys 
5 4 are formed integrally on each of the yoke half 
sections. The second keys 54 protrude rearwardly from the 
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yoke end surfaces 5 2 into recesses in the end flanges 18 
to thereby mechanically couple the yokes 12, 12' to the 
rotatable elements 20. 

In certain case:;, it might be desirable to form 
the second keys integrally with the end flanges 18, and 
to have them protrude into recesses in the yoke half 
sections. Alternatively, removable keys might be 

positioned to extend across the second yoke reference 
planes P C ' p d *- nto confronting recesses in both the 
yoke half sections and their respective end flanges 18. 

The above described arrangement provides a 
unique and highly effective means of preventing relative 
movement between the mating half sections of each yoke 
while the universal joint is in service, which in turn 
insures that the trunnion bearings 26 remain coaxially 
aligned and that the nuts 16 on the studs 14 do not 
loosen. More particularly, there is an important coaction 
between the first keys 4 4 located at the first yoke ref- 
erence planes P a ,p b r an< ^ t ^ ie abutting surfaces bet- 
ween the yoke base surfaces 52 and the flanges 18 at the 
second yoke reference planes P c rP<3» The former effec- 
tively opposes relative movement of the mating yoke half 
sections relative to each other in directions parallel to 
their respective first yoke reference planes P a rPb, 
whereas the latter opposes relative twisting of the mating 
yoke half sections across the second yoke reference planes 
P^P^. The net result is an axially and radially 
compact universal joint capable of operating reliably for 
extended periods of time under high torque conditions . 

I claim: 
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1 . A high torque universal joint for providing a 
drive connection between the flanged ends of two rotatable 
elements, said joint comprising: 

a jzross formed by two mutually perpendicular pairs of 
coaxially aligned trunnions; 

a pair of yokes, each yoke being subdivided into 
separate mating half sections, each half section 
including a base portion with an integral forward- 
ly protruding bearing cap having a blind bore 
formed therein? 

bearings contained in said blind bores, the mating 
half sections of each yoke being adapted for 
assembly onto a pair of said trunnions, with each 
trunnion being journalled for rotation in one of 
said bearings, and with the base portions of the 
thus assembled mating half sections having juxta- 
posed surfaces located on opposite sides of a 
first yoke reference plane passing through the 
center of the joint? 

first interengagement means extending across said 
first yoke reference planes for opposing relative 
movement of the thus assembled mating half 
sections in directions parallel to said first 
yoke reference planes; 

mounting for detachably mounting the thus assembled 
mating half sections to a respective one of said 
flanged ends, said mating half sections and said 
flanged ends having mutually abutting surfaces 
lying on second yoke reference planes which are 
perpendicular to the respective first yoke refer- 
ence planes; and 

second interengagement means extending across said 
second yoke reference planes for mechanically 
coupling the thus assembled, interconnected and 
mounted mating half sections to their respective 
flanged ends. 
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2. The universal joint of claim 1 further comprising 
connecting means for separably interconnecting the thus 
assembled mating half sections. 

3. The universal joint of claim 2 wherein said connecting 
means extend through said mating half sections in directions 
perpendicular to their respective first yoke reference planes. 

4. The universal joint of claim 3 wherein said connecting 
means extend through said first interengagement means. 

5. The universal joint of claim 3 wherein said first 
interengagement means comprises at least one first key extend- 
ing into complimentary opposed keyways in said juxtaposed 
surfaces . 

6 . The universal joint of claim 5 wherein said first keys 
and said complimentary opposed keyways are centrally located, 
and wherein said connecting means extend through said first 
keys . 

7. The universal joint of claim 6 further comprising 
confronting channels in said juxtaposed surfaces, and spacer 
elements received in said channels, said spacer elements having 
oppositely facing surfaces cooperating with the bottoms of said 
channels to laterally locate said mating yoke half sections 
with respect to each other on opposite sides of their 
respective first yoke reference planes. 

8 . The universal joint of claim 1 wherein said second 
interengagement means comprises second keys formed integrally 
with said half sections and protruding rearwardly therefrom 
into recesses in said flanges ends. 
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